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® A novel polypropylene fiber and a preparation process thereof. 



© A fiber excellent in strength and having an aver- 
age size of 10,000 - 0.1 denier can be obtained by 
extruding a raw material composed mainly of a poly- 
propylene having a syndiotactic pentad fraction of 
0.7 or more and optionally stretching the resulting 
extruded material. 

By using as the raw material a composition 
consisting of two kinds of polypropylenes each hav- 
ing an intrinsic viscosity or 172. the 109(172/171) being 
more than 0.05 or iess than -0.05, and a syndiotactic 



pentad fraction of 0.7 or more at a weight ratio of 95 
: 5 - 5 : 95 or a composition consisting of at least 50 
parts by weight of a syndiotactic polypropylene hav- 
ing the intrinsic viscosity ^ and a syndiotactic pen- 
tad fraction of 0.7 or above and at most 50 parts by 
weight of an isotactic polypropylene having the in- 
trinsic viscosity 172, the extrudability is improved and 
the fiber stretching conditions are broadened. 
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A NOVEL POLYPROPYLENE FIBER AND A PREPARATION PROCESS THEREOF 



Background of the Invention: 



(i) Field of the Invention: 

This invention relates to a novel polypropylene 
fiber. More specifically, this invention relates to a 
polypropylene fiber with high syndiotacticity and a 
preparation process thereof. 



(ii) Description of the Prior Art: 



of 0.7 or more and optionally stretching the result- 
ing extruded material; and a preparation process of 
the aforesaid fiber comprising extruding a raw ma- 
terial composed mainly of a polypropylene having 
5 a syndiotactic pentad fraction of 0.7 or more and, if 
necessary, stretching the resulting extruded ma- 
terial. 



10 Description of the Preferred Embodiments: 

In the present invention, the fiber raw material 
composed mainly of a polypropylene having a syn- 
diotactic pentad fraction of 0.7 or more includes a 
polypropylene having a syndiotactic pentad fraction 
of 0.7 or more and a composition consisting of 50 
parts by weight or more of such polypropylene and 
less than 50 parts by weight of an isotactic poly- 
propylene. 

The polypropylene having a syndiotactic pen- 
tad fraction of 0.7 or more useful in the practice of 
the present invention may include not only the 
homopolymer of propylene but also the copolymer 
of propylene with a small amount of other olefin 
such as ethylene, butene-1, pentene-1, 4- 
methylpentene-1 , hexene-1 and octene-1 . The pro- 
portion of other olefin in the copolymer is generally 
20% by weight or less, preferably 15% by weight 
or less. If the proportion exceeds 20% by weight, 
the strength of the resulting fiber will unfavorably 
be low. The syndiotactic pentad fraction is defined 
by A. Zambelli et al. in Macromolecules Vol. 6, 925 
(1973) and ibid. Vol. 8, 687 (1975), and is obtained 
by analyzing the 13 C-NMR spectrum measured with 
a 1,2,4-trichlorobenzene solution of the poly- 
propylene on the basis of tetramethylsilane. 

As an exemplary catalyst in the preparation of 
the above-described syndiotactic polypropylene 
there may be mentioned the catalyst system com- 
prising a transition metal compound having an 
asymmetric ligand and an aiuminoxane, as de- 
scribed in the foregoing literature by Ewen et al. It 
is also possible to use other different catalyst sys- 
tems in the presence of which a polypropylene 
having a syndiotactic pentad fraction of 0.7 or more 
can be produced. 

The exemplary preferred catalyst system for 
the preparation of the aforesaid syndiotactic poly- 
propylene comprises a transition metal compound 
and an aiuminoxane, as described in the foregoing 
literature. The transition metai compound includes 
isopropyI(cyclopentadienyl-1-fIuorenyl)hafnium 
dihalogen, lsopropyl(cyclopentadienyM -f luorenyl)- 
zirconium dihalogen, and those transition metal 
compounds in which at least one of the halogen 



Although the existence of syndiotactic poly- is 
propylenes has been known from old days, poiy- 
propylenes produced by the conventional process, 
in which propylene is polymerized at low tempera- 
tures in the presence of a catalyst comprising a 
vanadium compound, an ether and an or- 20 
ganoaluminum, have been said to have elastomer- 
like characteristics. However, these polypropylenes 
are of low syndiotacticity and hence can hardly be 
regarded as syndiotactic polypropylenes. On the 
other hand, a polypropylene of good tacticity, say, 25 
a syndiotactic pentad fraction of more than 0.7, has 
been discovered for the first time by J.A. Ewen et 
al. by the use of a catalyst comprising a transition 
metal compound having an asymmetric ligand and 
an aiuminoxane (J. Am. Chem. Soc, 1988, 110, 30 
6255 - 6256). 

On the other hand, one of the large uses of 
isotactic polypropylenes is for fibers, and they have 
been used as fibers having relatively good prop- 
erties and strong chemical resistance. However, 35 
they are a little inferior in fiber strength and there- 
fore polyolefin fibers improved in this point have 
been desired. 

The present inventors have made intensive in- 
vestigations into polyolefin fibers which are free 40 
from the above problem and hence are excellent in 
strength, and finally found that polypropylenes of 
high syndiotacticity are suitable for use as fibers, 
leading to completion of the present invention. 



Summary of the Invention: 

The object of the present invention is to pro- 
vide a polyolefin fiber of excellent strength and a so 
preparation process thereof. 

The present invention provides a fiber with an 
average size of 10,000 - 0.1 denier formed by 
extruding a raw material composed mainly of a 
polypropylene having a syndiotactic pentad fraction 
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atoms is replaced by an alkyl group. As the al- 
uminoxane may be cited compounds represented 
by the general formula 



/ R 

RR-(A10) n -Al 

R R 



or 



R 



wherein R is a hydrocarbon residue of 1-3 carbon 
atoms. 

The compounds, in which R is a methyl group, i.e. 
methyialuminoxane, and n is 5 or more, preferably 
10 or more, are particularly useful. The proportion 
of the aluminoxane used is 10 to 1,000,000 mole 
times, usually 50 to 5,000 mole times based on the 
foregoing transition metal compound. No particular 
restrictions are imposed on the polymerization con- 
ditions, and hence the solvent polymerization pro- 
cess using inert solvents, the bulk polymerization 
process in the substantial absence of inert solvents 
and the gas phase polymerization process may be 
used. 

It is a common practice to carry out the poly- 
merization at a temperature of -100 to 200 *C and 
a pressure of atmospheric to 100 kg/cm 2 G. Tem- 
peratures of -100 to 100* C and pressures of at- 
mospheric to 50 kg/cm 2 G are preferred. 

The syndiotactic polypropylene thus obtained 
is generally narrow in molecular weight distribution 
so that it is suitable for preparing fibers. The pre- 
ferred molecular weight is about 0.1 - 3.0 in terms 
of the intrinsic viscosity measured in its tetralin 
solution at 135* C. The syndiotacticity expressed 
as a syndiotactic pentad fraction is 0.7 or more, 
preferably 0.8 or more. Those of less than 0.7 do 
not give sufficient characteristics of crystalline 
polypropylene, so that the properties, such as 
strength, of the resulting fiber are unfavorably in- 
ferior. 

In the present invention, it is feasible to use a 
composition consisting of at least 50 parts by 
weight of the above-described syndiotactic poly- 
propylene and at most 50 parts by weight of an 
isotactic polypropylene as the fiber raw material. If 
the amount of an isotactic polypropylene is more 
than 50 parts by weight, the strength of the result- 
ing fiber will unpreferably be insufficient. Prepara- 
tion processes of isotactic polypropylenes are 
widely known, and hence they can be produced 
with ease by procedures known in the art. 

The fiber of the present invention can be pre- 
pared by using a raw material composed mainly of 
a polypropylene having a syndiotactic pentad frac- 
tion of 0.7 or more, as described above. It has 
however been found to be advantageous to use 
either of the following two raw materials in order to 



obtain the composition having excellent extrudabil- 
ity and to make the extruded material capable of 
being stretched under various conditions and to 
have superb properties such as strength. 

5 Specifically, one of the more preferred embodi- 
ments of the fiber of the present invention is a fiber 
with an average size of 10,000 - 0.1 denier formed 
by extruding a composition composed of a poly- 
propylene (A) having a syndiotactic pentad fraction 

io of 0.7 or more and a polypropylene (B) having a 
different molecular weight and a syndiotactic pen- 
tad fraction of 0.7 or more, and optionally stretch- 
ing the resulting extruded composition, the value of 
common logarithms of the ratio of the intrinsic 

75 viscosity rj 2 of the polypropylene (B) to the intrinsic 
viscosity jji of the polypropylene (A) [Iog(ij2^0]. 
both measured in a tetralin solution at 135*C. 
being either more than 0.05 or less than -0.05, the 
weight ratio of the polypropylene (A) to the poly- 

20 propylene (B) being in the range of 95 : 5 - 5 : 95. 

The second preferred embodiment is a fiber 
with an average size of 10,000 - 0.1 denier formed 
by extruding a composition composed of a poly- 
propylene (A) having a syndiotactic pentad fraction 

25 of 0.7 or more and an isotactic polypropylene (B) 
having a different molecular weight and optionally 
stretching the resulting extruded composition, the 
value of common logarithms of the ratio of the 
intrinsic viscosity rn of the polypropylene (B) to the 

30 intrinsic viscosity in of the polypropylene (A) [log- 
(12^1)]. both measured in a tetralin solution at 
135*C. being either more than 0.05 or less than 
-0.05. the weight proportion of the polypropylene 
(A) and the polypropylene <B) being at least 50 

35 parts for the polypropylene (A) at most 50 parts for 
the polypropylene (B). 

In both of the above two embodiments, the 
molecular weights of the component (A) and the 
component (B) are around 0.4 - 3.0 in terms of the 

40 intrinsic viscosity as described above for the com- 
ponent of the larger molecular weight and around 
0.1 - 2.5 for the component of the smaller molecu- 
lar weight, in view of the extrudabllity, the stretch- 
ing property, or the strength of the resulting fiber. It 

45 is necessary for the intrinsic viscosities iji and w 
of the both components to have such a relationship 
- that the logO^i) is either more than 0.05 or less 
than -0.05. If the logfeAn) is between 0.05 and 
-0.05, the extrudability and the stretching property 

so will be scarcely improved. A log foAn) of more 
than 0.06 or less than -0.06 is more preferred. 

No particular limitations are imposed on the 
mixing procedure of components (A) and (B). The 
components may be mixed in a mixer such as 

55 Henschel mixer in the form of powder or pellets 
and then granulated by an extruder, or may be 
mixed in a molten state using a roller, Banbury 
mixer, brabender, etc. Alternatively, the composi- 
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tion can also be obtained by first polymerizing a 
given amount of the monomer under the conditions 
to produce the plypropylene (A) and then poly- 
merizing a further given amount of the monomer 
under other conditiions to produce the poly- 5 
propylene (B) having a different molecular weight 
from that of the polypropylene (A). 

In the preparation of the fiber of the present 
invention, this raw materia!, with additives such as 
antioxidant added as required, after being granulat- io 
ed if necessary, is extruded into a fibrous form. 
There is no particular restriction for" the apparatus 
of making the material fibrous. It is thus sufficient 
to use such an apparatus which is formed by 
equipping a conventional extruder with a die having 75 
a given number of nozzles of a given diameter 
suitable for making the material fibrous. In this 
case, since syndiotactic polypropylenes are com- 
paratively slow in crystallizing speed, it is more 
preferable to use a nucleating agent or to devise 20 
means for cooling the extruded fiber. 

The fiber thus extruded is then stretched, if 
necessary. No particular limitations are placed on 
the conditions of the stretching. For the raw ma- 
terial composed mainly of a syndiotactic poly- ss 
propylene having a certain level of molecular 
weight, however, stretching is rather easy at rela- 
tively lower temperatures, as compared with isotac- 
tic polypropylenes. In some cases, it is preferable 
to stretch the raw material at a relatively low tern- 30 
perature and then at an elevated temperature. On 
the other hand, in the foregoing preferred embodi- 
ments of the present invention, -that is, when the 
compositions consisting of the polypropylenes (A) 
and (B) are used as the raw material, it is possible 35 
to stretch the raw material under substantially the 
same conditions as used for conventional isotactic 
polypropylenes. In conclusion, when compared with 
the case where the component (A) alone, i.e., the 
syndiotactic polypropylene having a certain level of 40 
molecular weight is rendered fibrous and stretched, 
the extruding conditions are broader and hence can 
be selected at will. The compositions in the both 
embodiments are excellent in this respect 

The present invention will be illustrated more 4S 
specifically with reference to the following exam- 
ples. 



Example 1: so 

In the presence of 0.2 g of isopropyl- 
(cyciopentadienyM-fluorenyl)zirconium dichloride 
and 30 g of methy!aluminoxane(manufactured by 
TOSO AKUZO Corp.; polymerization degree = ss 
16.1), propylene was polymerized for 2 hours un- 
der the conditions of 3 kg/cm 2 G and 20 "C in an 
autoclave with an Inner volume of 200 liters. Here, 



the isopropyl(cyclopentadienyt-1 -fluoreny l)-zirco- 
nium dichloride had been obtained by Introducing 
lithium into isopropylcyclopentadieny 1-1 -fiuorene 
synthesized in a conventional manner and reacting 
the resulting compound with zirconium tetrachlo- 
ride, followed by recrystallization. Then, the poly- 
merization reaction product was treated with 
methanol and methyl acetoacetate for deashing, 
washed with aqueous hydrochloric acid and filtered 
to obtain 5.6 kg of a syndiotactic polypropylene. 
This polypropylene had-a syndiotactic pentad frac- 
tion of 0.935 according to the 13 C-NMR spectrum 
analysis, an intrinsic viscosity of 1 .45 as measured 
in a tetralin solution at 135* C, and an MW/MN of 
2.2 as measured in 1,2,4-trichlorobenzene. Calcium 
stearate and 2,6-di-t-butylphenol were added to the 
polypropylene individually at a proportion of 10 to 
10,000, and then talc at a proportion of 100 to 
10,000. The resulting mixture was formed into 
granules, which were then spun into a fiber by a 40 
mm extruder through a die with 14 nozzles at a 
temperature of 220 " C and a screw revolution of 64 
rpm. The size of the resulting fiber was 370 D/14 
filaments, while its maximum strength and the elon- 
gation were 480 g and 150%, respectively, in the 
tensile test When stretched two-fold at 60 " C, the 
fiber had a size of 210 D/14 filaments, a maxium 
strength of 560 g and an elongation of 40%. The 
two-fold stretched yarn had a flatly increased 
strength with increasing elongation and had no 
yield point 



Comparative Example 1: 

A fiber was prepared in the same manner as in 
Example 1 except for using a conventional isotactic 
polypro pylene having an isotactic pentad fraction 
of 0.980 according to the 13 C-NMR spectrum analy- 
sis, an intrinsic viscosity of 1.52 as measured in a 
tetralin solution at 135* C, and an MW/MN of 4.8 as 
measured in 1,2,4-trichlorobenzene. The size of the 
fiber before stretching was 370 D/14 filaments, the 
maximum strength was 380 g, and the elongation 
was 520%. The two-fold stretched fiber had a size 
of 210 D/14 filaments, a maximum strength of 450 
g and an elongation of 120%. The presence of a 
yield point was clearly observed in the two-fold 
stretched yarn. The fiber in Example 1 had a 
higher strength, better luster and softer feeling by 
hand than the fiber In this Comparative Example. 



Example 2: 

A fiber was prepared in the same manner as in 
Example 1 except for using a mixture of 85 parts 
by weight of the syndiotactic polypropylene used in 
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Example 1 and 15 parts by weight of the isotactic 
polypropylene used in Comparative Example 1 as 
the raw material. The fiber before stretching had a 
size of 370 D/14 filaments, a maximum strength of 
420 g and an elongation of 140%, while the two- 
fold stretched fiber had a size of 210 D/14 fila- 
ments, a maximum strength of 490 g and an elon- 
gation of 41%. 



Example 3; 

Polymerization and post treatment were carried 
out in the same manner as in Example 1 except 
that the polymerization temperature and the poly- 
merization time were altered to 0*C and 6 hours, 
respectively, thereby obtaining a polymer (B) hav- 
ing an intrinsic viscosity fe) of 2.20, a syndiotactic 
pentad fraction of 0.915, and an MW/MN of 1.9. 
Ninety parts of the polymer (A) with an intrinsic 
viscosity fa) of 1.45 obtained in Example 1 were 
mixed with 10 parts of the polymer (B) with an 
intrinsic viscosity fo 2 ) of 2.20, to which the stabiliz- 
ers used in Example 1 and talc were added individ- 
ually at a proportion of 10 to 10,000 relative to the 
mixture- After being granulated, the resulting mix- 
ture was spun into a fiber by a 40 mm extruder 
through a die having 14 nozzles at a temperature 
of 220* C and a screw revolution of 64 rpm. Here, 
the value of logfo/tji) is 0.181. The size of the fiber 
obtained was 385 D/14 filaments, while the maxi- 
mum strength and the elongation were 495 g and 
185%, respectively, in the tensile test. This fiber 
was stretchable at a rate of 50 m/min. in the range 
.of 60 - 130* C. When stretched two-fold at 120* C, 
the fiber had a size of 220 D/14 filaments, a maxi- 
mum strength of 580 g and an elongation of 38%. 

On the contrary, in Example 1, i.e., in obtaining 
the stretched yarn by using solely the polymer 
having an intrinsic viscosity of 1 .45, the stretching 
was conducted at 60* C at a rate of 5 m/min. When 
stretched at a rate of 10 m/min. or more, the fiber 
was broken, and at 70* C or above, the fiber could 
not be stretched. 



Example 4: 

Spinning was carried out in much the same 
manner as in Example 3 except for using as the 
raw material a mixture of 85 parts by weight of the 
syndiotactic polypropylene (A) with an intrinsic vis- 
cosity (771) of 1.45 obtained in Example 1 and 15 
parts by weight of a commercially available isotac- 
tic polypropylene (B) (isotactic pentad fraction = 
0.980, intrinsic viscosity fa) = 2.07). Here, the 
value of logfaAn) was 0.154. The fiber before 
stretching had a size of 380 D/14 filaments, a 



maximum strength of 470 g and an elongation of 
140%, while the two-fold stretched yarn had a size 
of 220 D/14 filaments, a maximum strength of 570 
g and an elongation of 70%. This fiber was 
5 stretchable at a rate of 50 m/min. in the range of 
60* C- 130" C. 



Example 5: 

to 

Spinning was carried out in much the same 
manner as in Example 3 except for using as the 
raw material a mixture of 10 parts of the polymer 
(A) with an intrinsic viscosity (jji) of 1.45 and 90 

75 parts of the polymer (B) with an intrinsic viscosity ■ 
fa) of 2.20. Here, the value of logte/iji) is 0.181. 
The fiber before stretching had a size of 380 D/14, 
filaments, a maximum strength of 510 g and an 
elongation of 210%, while the two-fold stretched 

20 fiber had a maximum strength of 620 g and an 
elongation of 70%. This fiber had a size of 220 
D/14 filaments and was stretchable at a rate of 50 
m/min. in the range of 60* C - 130* C. 

25 

Claims 

1. A fiber with an average size of 10,000 - 0.1 
denier formed by extruding a raw material com- 

30 posed mainly of a polypropylene having a syn- 
diotactic pentad fraction of 0.7 or more. 

2. The fiber according to Claim 1 wherein the 
extruded materia! is stretched. 

3. The fiber according to Claim 1 or 2 wherein said 
35 raw material is a polypropylene having a syndiotac- 
tic pentad fraction of 0.7 or more. 

4. The fiber according to Claim 1 or 2 wherein said 
raw material is a composition comprising at least 
50 parts by weight of a polypropylene having a 

40 syndiotactic pentad fraction of 0.7 or more and at 
most 50 parts by weight of an isotactic poly- 
propylene. 

5. The fiber according to Claim 1 or 2 wherein said 
raw material is a composition comprising a poly- 

45 propylene (A) having a syndiotactic pentad fraction 
of 0.7 or more and a polypropylene (B) having a 
different molecular weight and a syndiotactic pen- 
tad fraction of 0.7 or more, the value of common 
logarithms of the ratio of the intrinsic viscosity ^2 of 

60 the polypropylene (B) to the intrinsic viscosity ?jt of 
the polypropylene (A) [logfa/jjt)], both measured in 
a tetralin solution at 135* C, being either more than 
0.05 or less than -0.05, the weight ratio of the 
polypropylene (A) to the polypropylene (B) being in 

55 the range of 95 : 5 - 5 : 95. 

6. The fiber according to Claim 1 or 2 wherein said 
raw material is a composition comprising a poly- 
propylene (A) having a syndiotactic pentad fraction 
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of 0.7 or- more and an isotactic polypropylene (B) 
having a different molecular weight, the value of 
common logarithms of the ratio of the Intrinsic 
viscosity q 2 of the polypropylene <B) to the intrinsic 
viscosity j>i of the polypropylene (A) [log^An)]. s 
both measured in a tetralin solution at 135*C, 
being either more than 0.05 or less than -0.05, the 
weight proportion of the polypropylene (A) and the 
polypropylene (B) being at least 50 parts for the 
polypropylene (A) and at most 50 parts for the 10 
polypropylene (B). 

7. A process for preparing a fiber comprising ex- 
truding a raw material composed mainly of a poly- 
propylene having a syndiotactic pentad fraction of 

0.7 or more. 75 

8. The process according to Claim 7 wherein the 
extruded material is stretched. 

9. The process for preparing a fiber according to 
Claim 7 or 8 wherein said raw materia! is a poly- 
propylene having a syndiotactic pentad fraction of 20 
0.7 or more. 

10. The process for preparing a fiber according to 
Claim 7 or 8 wherein said raw material is a com- 
position comprising at least 50 parts by weight of a 
polypropylene having a syndiotactic pentad fraction 25 
of 0.7 or more and at most 50 parts by weight of 

an isotactic polypropylene. 
1.1. The process for preparing a fiber according to 
Claim 7 or 8 wherein said raw material is a com- 
position comprising a polypropylene (A) having a 30 
syndiotactic pentad fraction of 0.7 or more and a 
polypropylene (B) having a different molecular 
weight and a syndiotactic pentad fraction of 0.7 or 
more, the value of common logarithms of the ratio 
of the intrinsic viscosity 172 of the polypropylene (B) 35 
to the intrinsic viscosity tji of the polypropylene (A) 
[log(ij 2 /a]i )], both measured in a tetralin solution at 
135*C, being either more than 0.05 or less than 
-0.05, the weight ratio of the polypropylene (A) to 
the polypropylene (B) being in the range of 95 : 5 - 40 
5 :95. 

12. The process for preparing a fiber according to 
Claim 7 or 8 wherein said raw material is a com- 
position comprising a polypropylene (A) having a 
syndiotactic pentad fraction of 0.7 or more and an 45 
isotactic polypropylene (B) having a different mo- 
lecular weight, the value of common logarithms of 
the ratio of the intrinsic viscosity of the poly- 
propylene (B) to the intrinsic viscosity ?n of the 
polypropylene (A) [logfa/91)], both measured in a 50 
tetralin solution at 135* C, being either more than 
0.05 or less than -0.05, the weight proportion of the 
polypropylene (A) and the polypropylene (B) being 
at least 50 parts for the polypropylene (A) and at 
most 50 parts for the polypropylene (B). 55 
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